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ABSTRACT

This research aimed to investigate the biological activities and
safety of extracts from Cleistocalyx nervosum var. paniala for anti-
acne cosmeceutical and to determine total phenolic, flavonoid and
anthocyanin contents and HPLC fingerprint. The extracts named as
whole fruit extract (WF) and seed extract (SE), were macerated with
95% ethanol. Antibacterial effects against Cutibacterium acnes and
Staphylococcus aureus were evaluated using agar diffusion, broth
microdilution and time-kill kinetic assays. The results revealed that
SE presented stronger antibacterial activities against C. acnes and
S. aureus with inhibition zone of 22.74 £ 0.52 and 12.67 £ 0.15 mm,
respectively. However, the MIC and MBC values were with 6.25 and
3.12 mg/ml for C. acnes and S. aureus, respectively, with a kill time
of 2 and 4 h, respectively. SE showed higher phenolic and flavonoid
contents compared with WF. In contrast, WF revealed higher
anthocyanin content. According to HPLC analysis, ellagic acid was
used as a marker. Additionally, anti-oxidant activity of the extracts
was investigated by DPPH assay and inhibition on nitric oxide radicals.
SE showed better activities with ICso of 7.51 + 0.40 and 25.47 + 1.09
HMg/ml, respectively. Therefore, SE was selected for testing with nitric
oxide radical producing on RAW 264.7 cell lines which presented
22.99% inhibition. Moreover, SE showed no irritation on Hen's Egg
Test Chorioallantoic Membrane. To conclude, SE from C. nervosum
exerted stronger biological activities than WF. It also demonstrated
a good potential concerning antibacterial on acne-related
microorganisms, anti-oxidants, and anti-inflammatory activities.
Therefore, it could be a promising bio-active compound to further
develop into anti-acne cosmeceutical products.
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INTRODUCTION

Acne vulgaris is one of the common skin diseases occurring within the
pilosebaceous unit. Indeed, 77 to 89% of teenagers, with 82% of young men
and 92% of young women in all ethnicity, confront physical and psychological
problems from acne. The four fundamental mechanisms contributing to
the development of acne are increased sebum production, follicular
hyperkeratinization, skin bacterial colonization and inflammatory responses.
Cutibacterium acnes, one of the resident skin flora, is considered as a major
contributor involved in complex immune responses (Mawardi et al., 2021).
In response to microbial compounds, C. acnes has the potential to initiate a
series of inflammatory reactions in the lesion resulting in the neutrophil
chemotaxis. Subsequently, neutrophils secrete a significant amount of reactive
oxygen species (ROS) including nitric oxide contributing to the attenuation of
the microorganisms with the disruption of follicular epithelium of the
surrounding tissues and potentiate inflammation (Thielitz et al., 2001; Koreck
et al., 2003; Dwyer et al., 2009). Also, other micro-organisms exacerbate acne
inflammation, such as Staphylococcus aureus, Staphylococcus epidermidis,
and Micrococcus spp. (Dhillon and Varshney, 2013). As a result, antibiotics
have been employed to alleviate the number of bacteria on the skin and to
ameliorate inflammation. Unfortunately, antibiotic-resistant bacteria easily
occurred, eventually resulting in subsequent therapeutic failure (Arsa, 2008).

Consequently, a number of research studies have been conducted
regarding new substances, drugs or medicinal plants to inhibit acne-causing
bacteria. Currently, medicinal plants are increasingly employed to replace
synthetic medications because they are generally considered safe materials
and readily available, with a wide range of pharmacologic properties.
Consequently, research exploring the anti-acne-inducing bacteria effects of
medicinal plants potentially establish novel bio-active compounds to replace
antibiotics in anti-acne cosmeceuticals (Arsa, 2008).

Cleistocalyx nervosum var. paniala, namely, Makiang, is a perennial plant
grown widely throughout northern Thailand. C. nervosum, belonging to the
Myrtaceae family, is consumed in the forms of juice, wine, nectar and jam.
Several studies found that C. nervosum is a rich source of anthocyanins. The
bright red fruit offers many health benefits, including lowering the risk of
diabetes, cardiovascular disease, cancer, arthritis and neurological disorders.
Moreover, C. nervosum fruit extracts contain bio-active compounds such as
catechin, gallic acid, and rutin. Prasanth et al. (2020) reported that the leaf
extract of C. nervosum contained high quantities of phenolic compounds,
exerting a potential anti-oxidant effect. C. nervosum seeds, considered a waste
product discarded from C. nervosum juice industries, showed anti-oxidant and
cancer-preventive properties owing to its tannin. Furthermore, the SE is
effective against C. acnes, a crucial acne-causing bacterium. However,
industrially, separating seeds from whole fruit is costly, difficult and time-
consuming. In addition, no evidence has been reported regarding the effect of
C. nervosum whole fruit, including fruit and seeds, against acne-causing
bacteria along with anti-inflammation, anti-oxidant, and safety profiles.

Therefore, this research aimed to evaluate and compare the biological
activities of C. nervosum whole fruit and seed extracts in terms of anti-bacterial
and anti-oxidant properties together with determining these extracts'
phytochemical constituents. In addition, the anti-inflammatory effect, safety
profiles, and physicochemical properties of the selected extracts were
evaluated to further develop into anti-acne cosmeceuticals.
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MATERIALS AND METHODS

Chemical materials

Thioglycollate agar, tryptic soy agar (TSA) and Tryptic soy broth (TSB)
were purchased from Difco™ (Bangkok, Thailand). Thioglycollate broth was
obtained from Merck (Bangkok, Thailand). Standard substances gallic acid
(GA), quercetin (QU) and ellagic acid (EA) were purchased from Sigma-Aldridge
(Schnelldorf, Germany). Triamcinolone acetonide (TA) was acquired from
Sigma-Aldridge (Fluka Biochemika Company, Germany). Acetonitrile and
methanol used as high-performance liquid chromatography (HPLC) eluents
were HPLC-grade. All of the solvents and chemicals were of analytical grade.

Plant materials

From July to August 2021, C. nervosum fruits were purchased from
Maejo-Phrae Campus, Phrae Province, Thailand. The fresh samples were
separated into two parts; fresh seeds and whole fruit (fruits and seeds). They
were frozen at -20 °C until use.

Preparation of C. nervosum extract

Two parts of fresh materials including the whole fruit and seeds of
C. nervosum, were separately extracted using a maceration method. Briefly,
the whole fruit was mashed together and extracted with 95% ethanol at a ratio
of 1:2 (w/v) at room temperature for 24 h in three cycles. Likewise, the minced
seeds were extracted using the same method as for the whole fruit. The filtrate
from all cycles of each sample formerly filtered through Whatman No. 1 filter
paper was pooled. A rotary evaporator (Buchi™, RE120) was then employed to
evaporate the ethanol from the filter solution. Eventually, concentrated WF and
SE WF and SE were separately kept in tightly closed containers with light
protection at 4°C before further investigation.

Determining phytochemical contents

Total phenolic content

The Folin-Ciocalteu (FC) assay was employed to determine the total
phenolic contents of the extracts according to the method reported by
Poomanee et al. (2018). In brief, 500.0 ul of each extract solution which was
dissolved in 95% v/v of ethanol, was thoroughly mixed, then 2.0 ml of FC
reagent and 4.0 ml of 7.5% w/v sodium carbonate (Na2CO3) was dissolved in
de-ionized water. The mixture was then left at room temperature for 30 min.
The absorbance of the reactive mixture at 765 nm was measured using an
ultraviolet-visible (UV-Vis) spectrophotometer (Shimadzu® UV-2600i, Japan).
The GA calibration curve was created presenting absorbance as a function of
GA concentration. The following linear equation was employed to determine
the total phenolic content of the extracts, expressed in terms of mg GA
equivalent per gram of extract (mg GA/g extract).

Y = 7.2179X + 0.0087; R? = 0.9991.

where Y is absorbance, and X is concentration of GA (mg/I).

Total flavonoid content

The total flavonoid content of the extracts was carried out using the
method of Poomanee et al. (2015) with some modifications. Briefly, 1.0 ml of
each extract solution, which was dissolved in 95% v/v of ethanol, was mixed
with 0.3 ml of 5% sodium nitrite (NaNOz) and 4.0 ml of de-ionized water.
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The solution was left for 5 min before adding 0.3 ml of 10% aluminum chloride
(AICI3) for 3 min of incubation. Next, 2.0 ml of 1M sodium hydroxide (NaOH)
was added to neutralize the reaction, and 2.4 ml of de-ionized water was added
to adjust the volume to 10.0 ml. The mixture was then left at room temperature
for 15 min, and the resulted absorbance at 510 nm was measured using a UV-
VIS spectrophotometer. QU calibration curve presenting absorbance as a
function of QU concentration was created. The following linear equation was
used to determine the total flavonoid content of the extracts, expressed in
terms of mg QU equivalent per gram of extract (mg QU/g extract).

Y = 0.6595X-0.0012; R? = 0.9990.
where Y is absorbance, and X is concentration of QU (mg/l).

Total monomeric anthocyanin pigment content

The total monomeric anthocyanin pigment content of the extract was
determined using the method of Lee et al. (2005) with modifications. In brief,
2.5 ml of each extract solution was transferred to a 25.0 ml volumetric flask
with 0.025 M potassium chloride (KCI) buffer, pH 1.0. Then the sample solution
was transferred in a volumetric flask with 0.4 M sodium acetate (CH3CO2Na)
buffer, pH 4.5, and incubated for 15 min. The absorbance of the mixture at
520 and 700 nm were measured using a UV-Vis spectrophotometer. The
monomeric anthocyanin pigment content was calculated using the equation in
cyanidin-3-glucoside equivalents below.

Anthocyanin pigment (mg/l) = (AXMwxDFx1000)
(ex1)

Where A is absorbance, Mw is the molecular weight of cyanidin-3-
glucoside (CNG) (449.2 g/mol), DF is a dilution factor, € is 26,900 molar
extinctive coefficients in L/mol-tcm?, and 1 is pathlength in cm.

Antimicrobial activity

Bacterial strains

The antimicrobial protocol of this research was approved for
implementation by the Institutional Biosafety Committee of Chiang Mai
University, Thailand (CMUIBC A-0565001). The standard bacterial suspension
of C. acnes (DMST 14916) and S. aureus (DMST 8840) were supplied from the
Department of Medical Sciences, Ministry of Public Health, Thailand.

Bacterial suspensions

The bacterial suspensions of C. acnes and S. aureus were cultivated in
modified thioglycollate broth pH 7.4 and TSB, respectively. Then C. acnes was
inoculated onto modified thioglycollate agar pH 7.4 and incubated in an
anaerobic jar with an anaerobic gas pack (AnaeroGen™, Oxoid Ltd.) at
37 £ 2 °C for 72 h. Then, two to three colonies of C. acnes were inoculated in
the thioglycollate broth and incubated under anaerobic conditions at 37 £ 2 °C
for 72 h before determining antimicrobial effect. In the case of S. aureus, the
bacterial suspension was inoculated onto TSA and incubated at 37 + 2 °C for
24 h. Also, two to three colonies of S. aureus were then inoculated into TSB
and incubated at 37 £ 2°C for 24 h before testing (Poomanee et al., 2018).
The suspension of C. acnes and S. aureus were diluted using the thioglycollate
broth and TSB to produce final concentrations of approximately 1x108 and
1x10% CFU/mI with an optical density (ODsoo) of 0.1, respectively.
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Agar disc diffusion

The antimicrobial activities of the C. nervosum extracts were firstly
determined using the agar disc diffusion assay, modified from Poomanee et al.
(2018). The diluted suspension of C. acnes in the thioglycollate broth and
S. aureus in TSB were applied evenly onto the thioglycollate agar and TSA,
respectively, then a sterile paper disc (MACHEREY-NAGEL GmbH Co.,
Germany) 6 mm diameter was soaked into each concentration of sample
solution dissolved in 10% DMSO in phosphate-buffered saline (PBS) pH 7.4.
The sterile paper disc was then plated onto the agar of each of the bacteria
strains. The petri dish containing C. acnes was incubated at 37 £ 2°C for 72 h
under an anaerobic conditions in an anaerobic jar. On the other hand, the petri
dish containing S. aureus was incubated at 37 £ 2 °C for 24 h under aerobic
conditions. Clindamycin; CM (10 mg/l), erythromycin; ERY (10 mg/l), GA (100
mg/ml), QU (100 mg/ml) and EA (100 mg/ml) were used as positive controls,
while the negative control was 10% DMSO in PBS. Mean diameter of inhibition
zone was measured in mm, including the 6 mm diameter of the paper disc.

The broth dilution method

The broth dilution method determining the minimum inhibitory
concentrations (MIC) and minimal bactericidal concentration (MBC) was carried
out following the method of Wayne, (2020). Briefly, each sample solution
(50 ul) was two fold serially diluted by 10% DMSO in PBS in U-shape 96-well
plates. The bacterial suspension (50 pl), was adjusted to an ODeoo 0.10, then
added to each well. The plates of C. acnes were incubated at 37 £ 2 °C for 72
h under anaerobic conditions, and for S. aureus, the plates were incubated at
37 £ 2°Cfor 24 h. The MIC of each sample, defined as the lowest concentration
of extracts inhibiting the growth of bacteria, was investigated. CM (100 mg/I),
ERY (100 mg/ml), GA (100 mg/ml), QU (100 mg/ml) and EA (100 mg/ml)
served as positive controls, and the negative control was 10% DMSO in PBS.

In addition, MBC was defined as the lowest concentration with no visible
bacterial strain growth; the well with no growth of bacteria was collected and
dropped onto thioglycollate agar for C. acnes and TSA for S. aureus. The agar
plates were then incubated under appropriate conditions for different bacterial
strains.

Time-kill kinetics

The Time-kill kinetic assay was performed according to Poomanee et al.
(2018) with modifications. Briefly, the suspension of bacteria ODeoo 0.10 was
added to each extract solution at a ratio of 1:1. After that, 130.0 pl of aliquot
was transferred to 7% w/v polysorbate 80 (1,170.0 pl) in TSB, functioning as
a neutralizing solution inactivating polyphenol (Rowe et al., 2009) which was
collected at 0, 2, 4 and 8 h for C. acnes and 0, 1, 2, 4 and 8 h for S. aureus.
The spreading plate method was used to count colony-forming units (CFU).
Next, plates were incubated at 37 £ 2 °C for 72 h under anaerobic conditions
for C. acnes and incubated at 37 £ 2 °C for 24 h under aerobic conditions for
S. aureus. GA was used as a positive control (data not shown). Moreover,
bacterial cultures were used as solvent control. Each extract's time-kill curve
was calculated and reported as time and log10 survivor curves.

Anti-oxidant activity

2, 2-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay

The DPPH radical scavenging assay was performed according to the
modified method of Maneechai et al. (2023). Each extract was dissolved in 95%
ethanol to make serial concentrations (6.25 to 10.0 pg/ml). Each extract
solution (20.0 pl) was mixed with 180 pl of 120 mM DPPH ethanolic solution
and incubated for one half hour in the dark. The ethanol (20.0 pl) was mixed
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with DPPH 180.0 ul, and used as a negative control. Ethanol (200.0 pl) was
used as a solvent control. GA, QU and EA were used as positive controls. The
absorbance of the individual extract was measured at 520 nm using a
microplate reader (SpectraMax M3, USA). The equation below was used to
compute the percentage of inhibition.

DPPH scavenging activity (%) = (Bc-Bs) x100.
Bc

where Bc is the absorbance of the negative control, and Bs is the
absorbance of the sample. The 50% inhibitory concentration (ICso) was
calculated using the graph of individual extracts plotted between percent
inhibitions (Y) and concentrations (X).

Nitric oxide radical scavenging assay

The nitric oxide radical scavenging assay was performed with
modifications, according to Srihaphon et al. (2020). Briefly, 60.0 pl of sodium
nitroprusside (SNP) aqueous solution (10 mM) was thoroughly mixed with
20.0 pl of PBS pH 7.4 and 20.0 upl of C. nervosum extract in various
concentrations (0.625 to 10.0 mg/ml). The mixture was incubated for 150 min
at room temperature. After that, 50.0 uL of 1% sulfanilamide in 2% phosphoric
acid (HsPO4) was added and incubated for 5 min at room temperature. Next,
50.0 yL of 0.1% N-(1-Naphthyl) ethylenediamine dihydrochloride (NED) was
added to the solution, and then incubated for 10 min at room temperature. GA,
QU and EA were used as positive controls. The absorbance of the pink mixture
at 540 nm was measured using a microplate reader (SpectraMax M3, USA).
The equation below was used to calculate the percentage of nitric oxide radical
scavenging activity.

Nitric oxide scavenging activity (%) = (Bc-Bs) x100.
Bc

where Bc is the absorbance of the control (reagents without the sample),
and Bs is the absorbance of the sample (C. nervosum extract). The 50%
inhibitory concentration (ICso) was calculated using the graph of individual
extracts plotted between percent inhibitions (Y) and concentrations (X).

Anti-inflammatory activity

The extract showing high phytochemical contents and the best anti-
bacterial and anti-oxidant properties was selected for studying the anti-
inflammatory activity.

The inhibition of nitric oxide production from RAW 264.7 macrophage cell
line by the Griess reagent was determined, as described by Torres-Rodriguez
etal. (2016). The RAW 264.7 cell line was cultured in Dulbecco's Modified Eagle
Medium containing 1% v/v PBS, penicillin (100 U/ml) and streptomycin (100
mg/ml) and seeded at a density of 2x10° cells on a 6-well plate at 37°C for 48
h in a 5% CO2 atmosphere. Then the cells were induced with LPS and treated
with SE sterilized through a pore membrane (0.2 um) in serial concentrations
ranging from 0.0010 to 0.10 mg/ml or TA for 24 h. Then the cell culture
medium was transferred to a 96-well plate, mixed with an equal volume of
Griess reagent (1% w/w sulfanilamide in 2% w/w H3PO4 and 0.1% NED), and
incubated at room temperature for 5 min. The absorbance was measured at
540 nm using an Ultra Microplate Reader (Biotek, USA). The presence of nitrite
oxide was determined, and the results were expressed as a percentage of nitric
oxide reduction using the equation below.

Nitric oxide reduction (%) = (Bc-Bs) x100.
Bc
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Where Bc is the absorbance of cells treated with medium containing LPS
and Bs is the absorbance of cells treated with the extract and LPS.

HPLC analysis

Since SE showed high phytochemical contents with the best anti-bacterial
and anti-oxidant properties, it was thus selected for phytochemical analysis by
HPLC. The phytochemical constituents of the selected extract were further
identified and quantified using HPLC. The assay conditions were performed on
a KINETEX® C18 (LC column 150 x 4.6 mm, 5 um) and analyzed using
Shimadzu HPLC (Shimadzu, Japan).

The mobile phase was composed of solvent A: 0.1% formic acid in de-
ionized water at pH 2.70 and solvent B: acetonitrile. The gradient elution
profiles were set up following the modified method of Poontawee et al. (2016)
with modifications. The initial mobile phase consisted of 0-5 min: 100%
A; 5 to 10 min: 95% A; 10 to 20 min: 90% A; 20 to 30 min: 85% A: 30 to
35 min: 80% A; 35 to 40 min: 60% A and 40 to 50 min: 100% A. The operating
temperature was kept constant at 40°C throughout the analysis, with a flow
rate of 1 ml/min. The phenolic components in the SE were identified and
quantified by comparing the peaks of UV spectra at a retention time of 270 nm
to authentic standards. The identified compounds were quantified by comparing
their respective standards' peak area calibration curves, which are EA.
In addition, the HPLC method validation of the ellagic acid standard was also
executed.

Irritation test: Hen's egg test chorioallantoic membrane (HET-CAM)
assay

The irritation investigation used a modified hen's egg test chorioallantoic
membrane (HET-CAM) assay performed according to the method of Chaiyana
et al. (2017). Briefly, eggshell tissue (chorio-allantoic-membrane) was
prepared from fertilized chicken eggs for 7 to 9 days. Air pockets were cut off
using a rotating dentist saw blade and the egg was gently peeled. Then a drop
of PBS pH 7.0 solution was added, and the eggs were incubated for 15 min.
A forcap was used to remove the inner eggshell membrane, 30 ul of test
reagent was added, and the blood vessel network was observed short term for
5 min and long term for 60 min. The images of the CAM were then recorded
using a Lumix digital camera under a microscope (Panasonic, Beijing, China).
The positive control was 1% w/v sodium lauryl sulfate (SLS), and the negative
control and vehicle control were 0.9% w/v sodium chloride (NaCl). The time
was observed to note the lack of vascular hemorrhage, lysis, and coagulation
and the irritation score (IS) was determined using the equation below.

(301-T(hemorrhage)) x5 4+ (301-T(lysis)) X7 + (301-T(coagulation)) x

IS =
300 300 300

9

where T(hemorrhage) is the time of the first vascular hemorrhage,
T(lysis) is the time of the first vascular lysis, and T(coagulation) is the time of
the first vascular coagulation. The irritation score (IS) was then calculated as
follows: 0.0 to 0.9 equals no irritation; 1.0 to 4.9 equals mild irritation; 5.0 to
8.9 equals moderate irritation; and 9.0 to 21.0 equals severe irritation (Freire
et al., 2015).

Statistical analysis

All data were carried out in triplicate, and results were expressed as mean
+ SD. The samples' antibacterial, anti-oxidant, and anti-inflammation
properties were compared using statistical analysis by One-Way ANOVA and
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Tukey multiple comparison tests through SPSS Software, Version 26.0, with a
P < 0.05 that was considered statistically significant.

RESULTS

Plant extraction

Table 1 presents that the SE showed a higher percent yield than the WF.
The characteristics of WF and SE were obviously differed. WF was a reddish-
black appearance, viscous semisolid and had a distinctive smell, while SE was
a sticky texture, brown to black with a distinct odor, and had higher viscosity
compared with WF.

Table 1. Percentage yields and characteristics of C. nervosum extracts.

Fresh weight Weight of crude Extract yield

Extract Characteristic
of Plant (g) extract (g) (% w/w)
Whole fruit extract 500.73 18.41 3.67% Black-red, viscous
semisolid
Seed extract 600.37 26.90 4.48% Dark brown, viscous
semisolid

Phytochemical contents

As shown in Figure 1, the results revealed that the total phenolic contents
of WF and SE were 212.25 £+ 0.19 and 386.87 £ 0.98 mg of GA/g of extract,
respectively, (Figure 1). Moreover, the total flavonoid contents of WF and SE
were 76.22 £ 0.09 and 117.41 £ 0.23 mg of QU/g of extract, respectively.
Additionally, the total anthocyanin contents of WF and SE were 226.55 + 6.32
and 123.02 £ 5.86 mg of CNG/100 g extract, respectively. Interestingly,
SE had significantly (P <0.05) higher phenolic and flavonoid contents than WF.
In contrast, WF contained significantly (P <0.05) higher amounts of
anthocyanin content than SE.

W
(=3
S

N
(=3
(=}

Chemical compounds
(mg STD / g extract)

TPC TFC TAC

Figure 1. Total phenolic, flavonoid and anthocyanin contents of
C. nervosum extracts
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Note: Each value was expressed as mean = SD (n=3) of three independent
experiments; (*) values presented a significant difference (P <0.05) analyzed
using the independent samples t-test. STD: Standard, WF: Whole fruit extract,
SE: Seed extract, TPC: Total phenolic content, TFC: Total flavonoid content,
TAC: Total anthocyanin content.

Antibacterial activities

The results of the anti-bacterial activity by the agar disc diffusion method
as shown in Table 2 found that CM and ERY at 10 mg/L had significantly higher
inhibitory effects against all tested microorganisms than the extracts.
Interestingly, SE showed a higher inhibition zone against C. acnes than WF,
GA, QU and EA which exhibited significant differences (P <0.05). Moreover, the
effect of SE against S. aureus significantly differed from that of WF, GA, QU
and EA. However, inhibition against C. acnes of the extracts was greater than
inhibition against S. aureus.

Table 2. Diameter of inhibition zone in mm against C. acnes and S. aureus of
WEF, SE and standard substrates.

Sample/Standard Diameter of inhibition zone (mm)

C.acnes S. aureus

WF 13.78 + 0.22¢ 10.36 + 0.31°¢
SE 22.74 £ 0.52¢ 12.67 £ 0.15P
GA 7.02 £ 0.46f 7.21 + 0.89¢
QU NI NI

EA 16.50 + 0.234 14.50 + 0.21°
CM* 40.50 + 0.312 21.59 £ 0.33°
ERY* 30.48 + 0.16° 12.07 £ 0.61°

Note: Paper disc with 6 mm diameter, NI: No Inhibition, results expressed as mean + SD of three independent experiments.
Superscript letters (2 < d eand f) presented in different letters within the same column differ significantly (P <0.05) by analyzing
the One-Way ANOVA with multiple comparisons using Tukey’s method. Concentrations of a samples, GA, QU, and EA at 100 mg/ml.
(*) represent the concentration of CM and ERY at 10 mg/l. WF: Whole fruit extract, SE: Seed extract, GA: Gallic acid, QU: Quercetin,
EA: Ellagic acid, CM: Clindamycin, ERY: Erythromycin.

Aside from inhibition zone, the MIC and MBC values of the tested samples
are shown in Table 3. The results demonstrate that the bactericidal effects
against C. acnes and S. aureus of CM and ERY which are antibiotics used to
treat topical acne were outstanding among all samples owing to the lowest MIC
and MBC values. Interestingly, SE showed a remarkable bactericidal effect
against C. acnes and S. aureus compared with that of WF, GA, EA and QU.
However, no MBC value against C. acnes and S. aureus of quercetin was shown
which was inconsistent with the results from agar disc diffusion. Noticeably,
antimicrobial activity of SE was superior to those of phenolic-positive controls.

Nat. Life Sci. Commun. 2023. 22(4): e2023064
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Table 3. The MIC and MBC of WF and SE from C. nervosum against C. acnes
and S. aureus.

Susceptibility of bacteria (mg/ml)

Sample/Standard C. acnes S. aureus

MIC MBC MIC MBC
WF 12.50 12.50 6.25 6.25
SE 6.25 6.25 3.12 3.12
GA 12.50 12.50 50.00 50.00
QU 100.00 NI 100.00 NI
EA 3.12 6.25 2.50 5.00
CM 0.49* 0.49* 3.91%* 3.91%
ERY 48.83* 48.83* 97.66%* 97.66*

Note: NI: No Inhibition, WF: Whole fruit extract, SE: Seed extract, GA: Gallic acid, QU: Quercetin, EA: Ellagic acid, CM: Clindamycin,
ERY: Erythromycin, MIC: minimum inhibitory concentration, MBC: minimum bactericidal concentration.
*MIC and MBC values of CM and ERY were expressed in mg/I.

The WF and SE in concentrations of MBC, 2MBC and 3MBC, respectively,
were then determined for time-kill kinetics expressed as time and function of
log10 survivors as shown in Figure 2. The viable counts of C. acnes and S.
aureus which were treated with WF and SE were decreased in a dose-
dependent manner. Generally, a 3-log10 reduction in log CFU/ml is considered
as a bactericidal effect (Keepers et al., 2014). The result showed that the WF
at MBC exerted a 4-log10 reduction against C. acnes after 2 h of incubation.
However, regrowth occurred after 4 h. In the case of SE at MBC, a 3-log10
reduction was observed after 2 h of exposure. However, regrowth was found
after 4 h. At 2MBC and 3MBC, the WF and SE reached about a 5-log10 reduction
after 2 h of incubation. However, at 2MBC and 3MBC of all samples, regrowth
still occurred after 4 h (Figure 2).

Furthermore, the effect against S. aureus of the WF at MBC demonstrated
a 4-log10 reduction after 4 h of exposure with no regrowth. In addition, the SE
at MBC, exerted a 5-1og10 reduction after 4 h of incubation. At 2MBC and 3MBC,
the WF reached about a 7-logl0 reduction after 4 h of exposure with no
regrowth. Moreover, 2MBC and 3MBC of SE exerted a 5-log10 reduction after
4 h of incubation. However, regrowth occurred after 4 h after exposure to the
SE at 2MBC and 3MBC, as shown in Figure 2.
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Figure 2. Time-kill curves of (A) WF and (B) SE against C. acnes, (®) 1MBC,

(A) 2MBC, (H) 3MBC; (®) Negative control. WF: Whole fruit extract, SE:
Seed extract
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Figure 2. Time-kill curves of (C) WF and (D) SE against S. aureus, (¢)

1MBC, (A) 2MBC, (H) 3MBC; (®) Negative control. WF: Whole fruit
extract, SE: Seed extract.

Anti-oxidant activity

Table 4 illustrates that all the standards including GA, QU and EA
exhibited strong inhibitory effect on DPPH and nitric oxide radicals with lower
ICso values than extracts. Interestingly, the anti-oxidant effect of SE was
superior to that of WF, which corresponded to their total phenolic and flavonoid

contents. Moreover, SE showed stronger nitric oxide radical scavenging activity
than EA.
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Table 4. ICso values (ug/ml) of anti-oxidant activity using the DPPH and nitric
oxide radical scavenging.

Sample/Standard Anti-oxidant activities (Mean + SD.) (pg/ml)
ICso on DPPH ICso on Nitric oxide
WF 13.52 £ 0.95¢ 108.70 + 3.31d
SE 7.51 £ 0.40P 25.47 £ 1.09°
GA 1.18 £ 0.090° 6.76 £ 0.232
QU 1.49 £ 0.079° 7.84 + 0.592
EA 1.69 £ 0.0732 35.77 £ 0.58¢

Note: Results were expressed as mean + SD of three independent experiments. WF: Whole fruit extract, SE: Seed extract, GA:
Gallic acid, QU: Quercetin, EA: Ellagic acid, ICso: 50% inhibitory concentration. Superscript letters (2 < and 9) presented in different
letters within the same column differ significantly (P <0.05) by analyzing the One-Way ANOVA with multiple Tukey comparisons.

Anti-inflammatory activity

As aforementioned, the biological effects of SE in terms of anti-oxidant
and anti-bacterial effects were superior to those of WF. Therefore, SE was
selected for further investigation regarding the anti-inflammatory activity
study. Figure 3 reveals that the SE showed an anti-inflammatory activity on
LPS-induced RAW 264.7. At a concentration of 0.1 mg/ml of SE and TA, they
potentially inhibited the release of nitric oxide from LPS-induced RAW 264.7
using maximum percent inhibition of 22.99 * 2.54% and 27.88 * 4.74%,
respectively. Moreover, the inhibitory effects on nitric oxide production of SE
and TA were dose-dependent. Additionally, the SE presented significant
difference from TA at all doses (P <0.05).

mSE =mTA

% Inhibition of NO production
[ —_ [\ N w
(=) (% (=] (% (=)

1%
1

(=]
I

0.001 0.01 0.1
Concentration (mg/mL)

Figure 3. The % inhibition of nitric oxide (NO) production of SE and TA
on LPS-induced RAW 264.7 cell line; (Mean * SD; n = 4). SE: Seed
extract, TA: Triamcinolone acetonide.

HPLC analysis

Figure 4 illustrated that SE contained EA at the retention time of 33.244,
and the standard curve of EA was consequently constructed using the linear
equation of Y = 24667X - 18378, R2 = 0.9994, where Y is the area under the
curve (mAU) and X is concentrations of EA (ppm). According to the HPLC
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method validation, the limit of detection (LOD) and limit of quantitation (LOQ)
of this separating condition were 0.4 and 2 ppm, respectively. In addition,
accuracy and precision expressed as % recovery and % relative standard
deviation (RSD) were more than 90% and less than 2%, which were 96.78%
for accuracy and 1.00% for precision, respectively. (ICH, 2022)
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Figure 4. HPLC chromatograms of (A) SE and (B) EA (100 ppm). SE:
Seed extract, EA: Ellagic acid.

Irritation test: Hen's egg test chorioallantoic membrane (HET-CAM)
assay

The HET-CAM assay was one of the most famous and convenient irritation
research studies because ethics approval was not required when the age of the
animal's embryo was less than one half of the overall incubation period.

Table 5 reveals the irritation score from the HET-CAM assay of SE
together with positive and vehicle controls. No irritation induced by SE at 2.5%
w/v solution was observed which was the 2MBC concentration of the SE similar
to the vehicle control which was 0.9% w/v NaCl. In the case of 1% w/v SLS
serving as a positive control, severe irritation was observed which is clearly
illustrated in Figure 5. The blood vessels before and after the sample
applications were employed for irritation detection. Vessel lysis could be
produced with as little as 1% w/v SLS. On the contrary, after 60 min of
exposure, no hemorrhage, lysis, and coagulation was detected in the vessel
exposed to 2.5% w/v of SE and 0.9% w/v NaCl solution. As a result, SE at
2.5 % w/v was safe and caused no skin irritation.
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Table 5. IS score and irritation level form HET-CAM assay (n = 3)

Irritation score Irritation Level
Sample
(1Is.)
SE (2.5 % w/v) solution in NaCl 0.0 £ 0.0 No irritation
Negative control (0.9% w/v NaCl) 0.0 £ 0.0 No irritation
Positive control (1% w/v SLS) 12.8 £ 0.2 Severe irritation

Note: SE: Seed extract, NaCl: Sodium chloride, SLS: Sodium lauryl sulfate.

(A) (B) (©)

Figure 5. Photographs illustrating the effects of (A) 1% w/v SLS; (B)
0.9% w/v NaCl; and (C) SE (2.5 % w/v) solution in NaCl in HET-CAM
assay before applying the sample (upper) and at the end of the test of
60 min (lower). SLS: Sodium lauryl sulfate, NaCl: Sodium chloride, SE:
Seed extract.

DISCUSSION

In the present study, C. nervosum in form of SE, a waste product from
fruit consumption, and WF were studied for their biological potential for anti-
acne cosmetic products. In addition, WF was firstly investigated for its
antibacterial and anti-oxidant properties together with its phytochemical
constituents. Furthermore, the anti-inflammatory effect, safety profile and
physicochemical properties of the extract were evaluated to establish its
potential in the anti-acne cosmeceuticals. The characteristics of the obtained
SE in our study was similar to SE from the study of Arsa (2008) in which sticky
brownish SE was reported. This characteristic was expected to contain rubber
or resin compounds, making extracted substances solidify more as the solvent
evaporates. In the case of WF, the black red appearance of the extract might
have resulted from the peel and pulp of C. nervosum indicating the presence
of anthocyanins (Chariyakornkul et al., 2022).
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Several factors significantly influenced the extraction of plants including
time, solvent, temperature etc. (Zhang et al., 2018; Maneechai et al., 2023).
This study evaluated the extraction condition which had an influence on
phytochemical content and anti-oxidant activity. As a result, the total phenolic
contents of SE and WF extracted within 24 h were higher than that of the
ethanolic the seed extract reported in the related study of Maisuthisakul et al.
(2007), presenting 173.6 £ 1.9 mg of GA/g of dry weigh of the 95% ethanol
crude extract for 4.5 h. This finding might be resulted from the longer
extraction time conducted in our study. Aside from extraction time, the polarity
of the extraction solvents plays an important role in extracting efficacy for
polyphenol extraction. One related study found that the pulp extract of
C. nervosum extracted using distilled water contained total anthocyanin
content of 50.49 £ 0.64 mg CNG/100 g dry weight and total phenolic content
of 5.36 £ 0.09 mg GA/g dry weight (Sukprasansap et al., 2017) which were
lower than our results. Generally, polar solvents like water, ethanol and
methanol are preferable to extract highly hydroxylated aglycone forms of
phenolic compounds (Kaczorova et al., 2021). The fruit and seed extracts of
C. nervosum were reported to have GA, catechin, tannin and rutin as major
phytochemical compounds (Poontawee et al., 2016) which are easily extracted
by polar organic solvents such as ethanol and methanol rather than water
corresponding to our results.

Polyphenols, secondary metabolites found in plants, chiefly contribute to
potential human health benefits, especially as antibacterial, anti-oxidants, and
anti-inflammation bio-active compounds (Daglia, 2012; Likittrakulwong et al.,
2023). Our study revealed that SE and WF of C. nervosum, containing an
outstanding amount of polyphenols, exerted notable antibacterial properties.
According to the study of Bouarab-Chibane et al. (2019), the capacity of
hydrogen binding of phenolic compounds to bacterial enzymes changed the
permeability of cell membranes of micro-organisms, various intracellular
processes and the rigidity of cell walls with integrity losses resulting in cell
death. Interestingly, Bouarab-Chibane et al. (2019) reported that flavonoids
may affect the synthesis of proteins and RNA by reducing energy and DNA
synthesis of the bacteria. Moreover, flavonoids also interfere with the
mechanisms producing bacterial energy (Adenosine triphosphate: ATP) and
intracellular pH changes in gram-positive bacteria. In addition,
Lertsatitthanakorn et al. (2010) found that phenolic compounds can disrupt
bacterial cell membranes and cell walls, which can kill the bacteria. Therefore,
altering cell membrane permeability and disrupting the cell membrane could
be potential mechanisms of action against C. acnes of SE. According to a study
by Sivasankar et al. (2016), a combination of EA and tetracycline effectively
inhibited biofilm formation by C. acnes (80-91%) without affecting its growth.
This finding suggests that EA possibly attenuated the biofilm of C. acnes,
leading to the death of the bacteria. The MIC and MBC values against C. acnes
and S. aureus of GA and CM, which served as a positive control in this study,
were in a similar range to those in the study of Poomanee et al. (2018). The
regrowth of bacteria found in our study according to time-kill kinetic curve
could be interpreted using the hypothesis of persisters. Wood et al. (2013)
reported that persisters are bacterial cells that can resist antibiotic treatment
without genetic alteration presented in bacterial resistance. Persister cells do
not multiply in the presence of antibiotics, in contrast to resistant cells that do.
The presence of C. acnes and S. aureus after 2 and 4 h of incubations with SE,
respectively indicated that persister cells resisting the polyphenols of the SE.
However, no S. aureus persister cell were observed after incubating with WF.

During the acne inflammatory process, neutrophils are stimulated to
produce an excessive humber of ROS owing to the effect of interleukin (IL)-8
resulting from C. acnes immunomodulatory property. Eventually, ROS could
cause bacterial degradation, tissue damage and oxidative stress exacerbating
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inflammatory responses (Sahu et al., 2015; Kardeh et al., 2019). Therefore,
anti-oxidant compounds potentially suppress acne inflammation (Poomanee
et al., 2018). Our results demonstrated that SE and WF presented potent
inhibitory effects on free radicals in the forms of synthetic DPPH radical
and nitric oxide providing an ameliorating effect on acne inflammation.
Tsao, (2010) found that polyphenols were potent anti-oxidants capable of
neutralizing free radicals by donating an electron or a hydrogen atom.

Furthermore, polyphenols prevent the creation of free radicals, slowing
the oxidation rate by deactivating the active species and precursors of free
radicals. Additionally, related research has shown that anti-oxidation potency
is highly related to total phenolic content and flavonoid compounds in the plant
extracts (Mustafa et al., 2010), corresponding to our results in which the anti-
oxidant effect of SE was better than that of WF due to its higher total phenolic
and flavonoids contents. Additionally, the mechanism of EA is a molecule that
can scavenge free radicals by donating a hydrogen atom from its phenolic
group. This process can occur through three mechanisms: hydrogen atom
transfer, single electron transfer followed by proton transfer, and sequential
proton loss electron transfer (Markovic¢ et al. 2013).

Nitric oxide is a signaling molecule playing an important role in the
pathophysiology of acne inflammation (Sharma et al., 2007). Grange et al.
(2009) found that CD36 and toll-like receptors (TLR)-2 were triggered by
C. acnes resulting in forming oxygen radicals through the NADPH oxidase
pathway (NOX) and interacting with nitric oxide molecules to generate
peroxynitrite. The resulting peroxynitrite then activates p38 and ERK MAPKs
eventually generating IL-8 as a neutrophil chemoattractant causing acne
inflammation. Accordingly, inhibiting nitric oxide production potentially
attenuates the acne inflammatory response (Qin et al., 2015). Herein, LPS was
used as a mediator for RAW 264.7 a mouse macrophage cell line inflammation
model because LPS is able to activate macrophages and monocytes to produce
a variety of cytokines, such as tumor necrosis factor (TNF), IL-1 and IL-6, as
well as inflammatory mediators including nitric oxide and other free radicals
(Yang et al., 2012). Our study found that SE could inhibit nitric oxide synthesis
and release from LPS-activated RAW 264.7 cells implying the anti-
inflammatory property of the extract. Thus, LPS-induced inhibition of nitric
oxide production, which leads to inflammation in macrophages, may be a
promising mechanism of action inhibiting nitric oxide of SE. Polyphenols exert
anti-inflammatory effects, particularly through their capacity to scavenge free
radicals, control the cellular activities of inflammatory cells and regulate the
activity of the enzymes involved in the metabolism of arachidonic acid
(phospholipase A2, COX), arginine and other pro-inflammatory molecules
(Hussain et al., 2016). Additionally, polyphenols can reduce oxidative damage
by preventing LPS-induced nitric oxide synthase (iNOS) gene expression in
cultured macrophages (Sarkar and Bhaduri, 2001). Umesalma and
Sudhandiran (2010) found that both in vitro and in vivo studies have shown a
connection between the release of prostaglandins and nitric oxide in the
modulation of inflammation, which is significant because EA has been shown
to significantly inhibit nitric oxide production by downregulating inducible nitric
oxide synthase. In addition, the results revealed that TA as a positive control
showed the highest inhibition of nitric oxide production. TA has been well
known as an anti-inflammatory glucocorticoid medication inhibiting
inflammatory cells and decreasing inflammatory mediator expression (Mark,
2021).

Chemical profiles are essential for authentication, quality assurance and
obtaining convincing evidence, in addition to investigating phytochemical
components and biological activity (Kumar, 2017; Cuadros-Rodriguez et al.,
2021). Our result revealed that EA (at Rt = 33.16 min) was a major component
found in the chromatographic fingerprint. Janpaijit et al. (2023) reported that
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EA inhibited the activation of nuclear factor kappa B (NF-kB) and iNOS function.
In addition, the ethanolic seed extracts of C. nervosum demonstrated chemical
compounds were brassitin, ferulic acid, EA, aurentiacin and alpinetin using
liquid chromatography-mass spectrometry (LC-MS) (Janpaijit et al., 2023).
Thus, EA might be used as a biological marker in quality control of product
development.

The safety issue of promising bio-active compounds has been of great
importance to be evaluated before human exposure. Therefore, HET-CAM was
used to evaluate the safety profile of SE by observing hemorrhage, lysis, or
coagulation that might occur after sample exposure. The results showed that
SE produces no irritation on HET-CAM, implying its acceptable safety profile to
be a bio-active ingredient in cosmetic products. In addition, SE should be
evaluated for solubility and cytotoxicity and identify other unknown substances
in the extract, including further evaluation for the safety and efficacy of the
formulation in volunteers.

CONCLUSION

Our findings indicated that the C. nervosum extracts in forms of SE and
WF contained high total phenolic and flavonoid contents corresponding to its
antimicrobial effects against acne inducing bacteria and anti-oxidant activity.
SE was the outstanding extract which also exerted an anti-inflammatory
activity. Besides, a good safety profile of SE was revealed in HET-CAM. Thus,
SE was a promising bio-active compounds for further developing into anti-acne
cosmeceutical products.
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	Acne vulgaris is one of the common skin diseases occurring within the pilosebaceous unit. Indeed, 77 to 89% of teenagers, with 82% of young men and 92% of young women in all ethnicity, confront physical and psychological problems from acne. The four f...
	Consequently, a number of research studies have been conducted regarding new substances, drugs or medicinal plants to inhibit acne-causing bacteria. Currently, medicinal plants are increasingly employed to replace synthetic medications because they ar...
	Cleistocalyx nervosum var. paniala, namely, Makiang, is a perennial plant grown widely throughout northern Thailand. C. nervosum, belonging to the Myrtaceae family, is consumed in the forms of juice, wine, nectar and jam. Several studies found that C....
	Therefore, this research aimed to evaluate and compare the biological activities of C. nervosum whole fruit and seed extracts in terms of anti-bacterial and anti-oxidant properties together with determining these extracts' phytochemical constituents. ...
	MATERIALS AND METHODS
	Chemical materials
	Thioglycollate agar, tryptic soy agar (TSA) and Tryptic soy broth (TSB) were purchased from Difco™ (Bangkok, Thailand). Thioglycollate broth was obtained from Merck (Bangkok, Thailand). Standard substances gallic acid (GA), quercetin (QU) and ellagic ...
	Plant materials
	From July to August 2021, C. nervosum fruits were purchased from Maejo-Phrae Campus, Phrae Province, Thailand. The fresh samples were separated into two parts; fresh seeds and whole fruit (fruits and seeds). They were frozen at -20  C until use.
	Preparation of C. nervosum extract
	Two parts of fresh materials including the whole fruit and seeds of  C. nervosum, were separately extracted using a maceration method. Briefly, the whole fruit was mashed together and extracted with 95% ethanol at a ratio of 1:2 (w/v) at room temperat...
	Determining phytochemical contents
	Total phenolic content
	The Folin-Ciocalteu (FC) assay was employed to determine the total phenolic contents of the extracts according to the method reported by Poomanee et al. (2018). In brief, 500.0 µl of each extract solution which was dissolved in 95% v/v of ethanol, was...
	Y = 7.2179X + 0.0087; R2 = 0.9991.
	where Y is absorbance, and X is concentration of GA (mg/l).
	Total flavonoid content
	The total flavonoid content of the extracts was carried out using the method of Poomanee et al. (2015) with some modifications. Briefly, 1.0 ml of each extract solution, which was dissolved in 95% v/v of ethanol, was mixed with 0.3 ml of 5% sodium nit...
	Y = 0.6595X-0.0012; R2 = 0.9990.
	where Y is absorbance, and X is concentration of QU (mg/l).
	Total monomeric anthocyanin pigment content
	The total monomeric anthocyanin pigment content of the extract was determined using the method of Lee et al. (2005) with modifications. In brief, 2.5 ml of each extract solution was transferred to a 25.0 ml volumetric flask with 0.025 M potassium chlo...
	Anthocyanin pigment (mg/l) = (A×Mw×DF×1000)
	(Ɛ×1)
	Where A is absorbance, Mw is the molecular weight of cyanidin-3-glucoside (CNG) (449.2 g/mol), DF is a dilution factor, Ɛ is 26,900 molar extinctive coefficients in L/mol-1cm-1, and 1 is pathlength in cm.
	Antimicrobial activity
	Bacterial strains
	The antimicrobial protocol of this research was approved for implementation by the Institutional Biosafety Committee of Chiang Mai University, Thailand (CMUIBC A-0565001). The standard bacterial suspension of C. acnes (DMST 14916) and S. aureus (DMST ...
	Bacterial suspensions
	The bacterial suspensions of C. acnes and S. aureus were cultivated in modified thioglycollate broth pH 7.4 and TSB, respectively. Then C. acnes was inoculated onto modified thioglycollate agar pH 7.4 and incubated in an anaerobic jar with an anaerobi...
	Agar disc diffusion
	The antimicrobial activities of the C. nervosum extracts were firstly determined using the agar disc diffusion assay, modified from Poomanee et al. (2018). The diluted suspension of C. acnes in the thioglycollate broth and  S. aureus in TSB were appli...
	The broth dilution method
	The broth dilution method determining the minimum inhibitory concentrations (MIC) and minimal bactericidal concentration (MBC) was carried out following the method of Wayne, (2020). Briefly, each sample solution  (50 µl) was two fold serially diluted ...
	In addition, MBC was defined as the lowest concentration with no visible bacterial strain growth; the well with no growth of bacteria was collected and dropped onto thioglycollate agar for C. acnes and TSA for S. aureus. The agar plates were then incu...
	Time-kill kinetics
	The Time-kill kinetic assay was performed according to Poomanee et al. (2018) with modifications. Briefly, the suspension of bacteria OD600 0.10 was added to each extract solution at a ratio of 1:1. After that, 130.0 µl of aliquot was transferred to 7...
	Anti-oxidant activity
	2, 2-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay
	The DPPH radical scavenging assay was performed according to the modified method of Maneechai et al. (2023). Each extract was dissolved in 95% ethanol to make serial concentrations (6.25 to 10.0 µg/ml). Each extract solution (20.0 µl) was mixed with 1...
	DPPH scavenging activity (%) = (Bc-Bs) ×100.
	Bc
	where Bc is the absorbance of the negative control, and Bs is the absorbance of the sample. The 50% inhibitory concentration (IC50) was calculated using the graph of individual extracts plotted between percent inhibitions (Y) and concentrations (X).
	Nitric oxide radical scavenging assay
	The nitric oxide radical scavenging assay was performed with modifications, according to Srihaphon et al. (2020). Briefly, 60.0 µl of sodium nitroprusside (SNP) aqueous solution (10 mM) was thoroughly mixed with  20.0 µl of PBS pH 7.4 and 20.0 µl of C...
	Nitric oxide scavenging activity (%) = (Bc-Bs) ×100.
	Bc
	where Bc is the absorbance of the control (reagents without the sample), and Bs is the absorbance of the sample (C. nervosum extract). The 50% inhibitory concentration (IC50) was calculated using the graph of individual extracts plotted between percen...
	Anti-inflammatory activity
	The extract showing high phytochemical contents and the best anti-bacterial and anti-oxidant properties was selected for studying the anti-inflammatory activity.
	The inhibition of nitric oxide production from RAW 264.7 macrophage cell line by the Griess reagent was determined, as described by Torres-Rodríguez et al. (2016). The RAW 264.7 cell line was cultured in Dulbecco's Modified Eagle Medium containing 1% ...
	Nitric oxide reduction (%) = (Bc-Bs) ×100.
	Bc
	Where Bc is the absorbance of cells treated with medium containing LPS and Bs is the absorbance of cells treated with the extract and LPS.
	HPLC analysis
	Since SE showed high phytochemical contents with the best anti-bacterial and anti-oxidant properties, it was thus selected for phytochemical analysis by HPLC. The phytochemical constituents of the selected extract were further identified and quantifie...
	The mobile phase was composed of solvent A: 0.1% formic acid in de-ionized water at pH 2.70 and solvent B: acetonitrile. The gradient elution profiles were set up following the modified method of Poontawee et al. (2016) with modifications. The initial...
	Irritation test: Hen's egg test chorioallantoic membrane (HET-CAM) assay
	The irritation investigation used a modified hen's egg test chorioallantoic membrane (HET-CAM) assay performed according to the method of Chaiyana et al. (2017). Briefly, eggshell tissue (chorio-allantoic-membrane) was prepared from fertilized chicken...
	IS =,,301−T,hemorrhage..-300. x 5 + ,(301−T(lysis))-300. x 7 + ,(301−T(coagulation))-300. x 9
	where T(hemorrhage) is the time of the first vascular hemorrhage, T(lysis) is the time of the first vascular lysis, and T(coagulation) is the time of the first vascular coagulation. The irritation score (IS) was then calculated as follows: 0.0 to 0.9 ...
	Statistical analysis
	All data were carried out in triplicate, and results were expressed as mean ± SD. The samples' antibacterial, anti-oxidant, and anti-inflammation properties were compared using statistical analysis by One-Way ANOVA and Tukey multiple comparison tests ...
	RESULTS
	Plant extraction
	Table 1 presents that the SE showed a higher percent yield than the WF. The characteristics of WF and SE were obviously differed. WF was a reddish-black appearance, viscous semisolid and had a distinctive smell, while SE was a sticky texture, brown to...
	Table 1. Percentage yields and characteristics of C. nervosum extracts.
	Phytochemical contents
	As shown in Figure 1, the results revealed that the total phenolic contents of WF and SE were 212.25 ± 0.19 and 386.87 ± 0.98 mg of GA/g of extract, respectively, (Figure 1). Moreover, the total flavonoid contents of WF and SE were 76.22 ± 0.09 and 11...
	Figure 1. Total phenolic, flavonoid and anthocyanin contents of  C. nervosum extracts
	Note: Each value was expressed as mean ± SD (n=3) of three independent experiments; (*) values presented a significant difference (P <0.05) analyzed using the independent samples t-test. STD: Standard, WF: Whole fruit extract, SE: Seed extract, TPC: T...
	Antibacterial activities
	The results of the anti-bacterial activity by the agar disc diffusion method as shown in Table 2 found that CM and ERY at 10 mg/L had significantly higher inhibitory effects against all tested microorganisms than the extracts. Interestingly, SE showe...
	Table 2. Diameter of inhibition zone in mm against C. acnes and S. aureus of WF, SE and standard substrates.
	Note: Paper disc with 6 mm diameter, NI: No Inhibition, results expressed as mean ± SD of three independent experiments. Superscript letters (a, b, c, d, e and f) presented in different letters within the same column differ significantly (P <0.05) by ...
	Aside from inhibition zone, the MIC and MBC values of the tested samples are shown in Table 3. The results demonstrate that the bactericidal effects against C. acnes and S. aureus of CM and ERY which are antibiotics used to treat topical acne were out...
	Table 3. The MIC and MBC of WF and SE from C. nervosum against C. acnes and S. aureus.
	Note: NI: No Inhibition, WF: Whole fruit extract, SE: Seed extract, GA: Gallic acid, QU: Quercetin, EA: Ellagic acid, CM: Clindamycin, ERY: Erythromycin, MIC: minimum inhibitory concentration, MBC: minimum bactericidal concentration.
	*MIC and MBC values of CM and ERY were expressed in mg/l.
	The WF and SE in concentrations of MBC, 2MBC and 3MBC, respectively, were then determined for time-kill kinetics expressed as time and function of log10 survivors as shown in Figure 2. The viable counts of C. acnes and S. aureus which were treated wit...
	Furthermore, the effect against S. aureus of the WF at MBC demonstrated a 4-log10 reduction after 4 h of exposure with no regrowth. In addition, the SE at MBC, exerted a 5-log10 reduction after 4 h of incubation. At 2MBC and 3MBC, the WF reached about...
	Figure 2. Time-kill curves of (A) WF and (B) SE against C. acnes, () 1MBC, () 2MBC, () 3MBC; () Negative control. WF: Whole fruit extract, SE: Seed extract
	Figure 2. Time-kill curves of (C) WF and (D) SE against S. aureus, () 1MBC, () 2MBC, () 3MBC; () Negative control. WF: Whole fruit extract, SE: Seed extract.
	Anti-oxidant activity
	Table 4 illustrates that all the standards including GA, QU and EA exhibited strong inhibitory effect on DPPH and nitric oxide radicals with lower IC50 values than extracts. Interestingly, the anti-oxidant effect of SE was superior to that of WF, whic...
	Table 4. IC50 values (µg/ml) of anti-oxidant activity using the DPPH and nitric oxide radical scavenging.
	Note: Results were expressed as mean ± SD of three independent experiments. WF: Whole fruit extract, SE: Seed extract, GA: Gallic acid, QU: Quercetin, EA: Ellagic acid, IC50: 50% inhibitory concentration. Superscript letters (a, b, c and d) presented ...
	Anti-inflammatory activity
	As aforementioned, the biological effects of SE in terms of anti-oxidant and anti-bacterial effects were superior to those of WF. Therefore, SE was selected for further investigation regarding the anti-inflammatory activity study. Figure 3 reveals tha...
	Figure 3. The % inhibition of nitric oxide (NO) production of SE and TA on LPS-induced RAW 264.7 cell line; (Mean ± SD; n = 4). SE: Seed extract, TA: Triamcinolone acetonide.
	HPLC analysis
	Figure 4 illustrated that SE contained EA at the retention time of 33.244, and the standard curve of EA was consequently constructed using the linear equation of Y = 24667X - 18378, R² = 0.9994, where Y is the area under the curve (mAU) and X is conce...
	Figure 4. HPLC chromatograms of (A) SE and (B) EA (100 ppm). SE: Seed extract, EA: Ellagic acid.
	Irritation test: Hen's egg test chorioallantoic membrane (HET-CAM) assay
	The HET-CAM assay was one of the most famous and convenient irritation research studies because ethics approval was not required when the age of the animal's embryo was less than one half of the overall incubation period.
	Table 5 reveals the irritation score from the HET-CAM assay of SE together with positive and vehicle controls. No irritation induced by SE at 2.5% w/v solution was observed which was the 2MBC concentration of the SE similar to the vehicle control whic...
	Table 5. IS score and irritation level form HET-CAM assay (n = 3)
	Note: SE: Seed extract, NaCl: Sodium chloride, SLS: Sodium lauryl sulfate.
	Figure 5. Photographs illustrating the effects of (A) 1% w/v SLS; (B) 0.9% w/v NaCl; and (C) SE (2.5 % w/v) solution in NaCl in HET-CAM assay before applying the sample (upper) and at the end of the test of 60 min (lower). SLS: Sodium lauryl sulfate, ...
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